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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re application of: 

Int'l. App. No. 
Int'l. Filing Date: 
For: 



David Watling and Anthony Michael Martin 

PCT/GB00/03606 

20 September 2000 

METHODS AND APPARATUS FOR VAPOR 
PHASE STERILIZATION 



PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, DC 20231 

Sir: 

Prior to calculating the fee for the above-identified patent application, please enter the 
following amendments. 



IN THE SPECIFICATION 

Page 1, line 2, prior to the paragraph beginning "This present invention", insert: 
--BACKGROUND OF THE INVENTION 
1 . Field of the Invention—. 
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Page 1, line 5, prior to the paragraph beginning "There are numerous" insert: 

—2. Relevant Technology and Summary of the Invention—. 
Page 8, line 14, prior to the paragraph beginning "The following is a" insert 

-BRIEF DESCRIPTION OF THE DRAWINGS-. 
Page 8, line 24, prior to the paragraph beginning "The apparatus comprises" insert: 

-DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS-. 
At the end of the application insert the following Abstract. 

-ABSTRACT OF THE DISCLOSURE 
An apparatus for sterilizing a sealable enclosure includes a circuit for flow of a sterilizing gas 
or gasses. The circuit is connected to the enclosure to be sterilized to form a closed circuit and 
pumps to circulate gas through the circuit and enclosure. The circuit has parallel branches one of 
which contains apparatus to deactivate a sterilant to be added to the carrier gas flowing through the 
circuit and apparatus to dehumidify the gas. The other branch contains apparatus to heat the gas and 
apparatus to supply a sterilant vapor or vapors to the gas. Control apparatus determines which of the 
parallel branches the gas flows through. The control apparatus maintains flow through one branch 
passage until the relative humidity falls below a predetermined level. The flow through that branch 
is then terminated and flow through the other branch initiated.— 
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IN THE CLAIMS : 

Please cancel claims 1-22. 

Please add the following new claims 23-44: 

23. (New) A method of sterilizing a sealable enclosure comprising: 

circulating a carrier gas and sterilant through the enclosure and through a flow path 
having an outlet from the enclosure and an inlet to the enclosure, any sterilant in the gas flow 
received from the enclosure being rendered suitable for disposal, and the content of water 
vapor being reduced following which the gas flow is heated and further sterilant is added to 
sterilize the enclosure, the flow path having two parallel branches in one of which any 
sterilant in the gas flow is rendered suitable for disposal and any water vapor content in the 
gas is reduced and in the other of which the carrier gas is heated and sterilant is added to the 
gas; 

initially circulating said carrier gas through said one branch, monitoring the moisture 
content of the gas in the enclosure and terminating flow of carrier gas through said one 
branch when the relative humidity in the enclosure has been reduced to a predetermined level 
such that the surfaces of the enclosure are relatively dry; 

initiating flow of the carrier gas through said other branch and adding a sterilant 
vapor or vapors to the gas passing through the other branch until condensation of the sterilant 
takes place in the enclosure; 

terminating supply of sterilant to the carrier gas; and 

continuing to circulate the carrier gas substantially saturated with sterilant vapor for a 
predetermined time to ensure sterilization of the enclosure terminating flow through said 
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other branch and redirecting the flow of carrier gas through said one branch to extract the 
sterilant from the gas enclosure to render the sterilant suitable for disposal and to reduce the 
relative humidity of the carrier gas. 

24. (New) A method as claimed in claim 23, wherein entry to one branch is closed and 
entry to the other branch is opened and vice versa to provide flow through one or other of the 
branches. 

25 . (New) A method as claimed in claim 24, wherein a valve permits flow into one branch 
and not the other and visa versa. 

i 

26. (New) A method as claimed in claim 24, wherein a pump is used in the flow path to 
circulate said carrier gas. 

27. (New) A method as claimed in claim 24, wherein a pump is provided in said parallel 
branches and is used to cause gas flow along one or other of the parallel branches in the flow path. 

28. (New) A method as claimed in claim 23, wherein water vapor is removed from the gas 
in said one branch by cooling the gas to cause the water vapor to condense, the resulting condensate 
being removed. 

29. (New) A method as claimed in claim 28, wherein the gas cooled in said one branch is 
heated following said cooling step. 
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30. (New) A method as claimed in claim 23, further comprising: 

initially reducing the relative humidity in the enclosure to about 30 to 40%; 

circulating a carrier gas to the enclosure; 

raising the temperature of the circulating gas above ambient; 

supplying a sterilant vapor or vapors to the circulating carrier gas sufficient to saturate 
substantially the gas, whereby on cooling in the enclosure, a condensate of the sterilant vapor 
is formed on surface in the enclosure; 

distributing the gas/vapor throughout the enclosure to ensure that the condensate is 
formed on all surfaces in the enclosure; 

measuring the amount of condensate formed on a surface of the enclosure and 
continuing to circulate the gas/vapor until a required amount of condensate has formed in the 
enclosure terminating supply of sterilant vapor to the gas whilst continuing to circulate the 
saturated gas/vapor to maintain the condensate on the surface for a predetermined period of 
time; and 

extracting the sterilant vapor from the carrier gas whilst continuing to circulate the 
carrier gas through the enclosure to extract the condensate from the enclosure. 

3 1 . (New) A method as claimed in claim 30, wherein the sterilant vapor is extracted from 
the carrier gas by breaking down the vapor into disposable constituents. 

32. (New) A method as claimed in claim 30, wherein the sterilant vapor is hydrogen 
peroxide and water vapor. 
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33. (New) A method as claimed in claim 32, wherein the hydrogen peroxide extracted from 
the chamber with the circulating gas is subjected to catalytic action to break the hydrogen peroxide 
down into water vapor and oxygen, the former being extracted from the gas before the gas is 
recirculated through the enclosure. 

34. (New) A method as claimed in claim 30, wherein the initial step of reducing the 
relative humidity in the enclosure is carried out by circulating the carrier gas through the chamber 
and extracting water vapor from the circulating gas outside the chamber. 

35. (New) A method as claimed in claim 30, wherein the relative humidity in the enclosure 
is reduced to about 35%. 

36. (New) A method as claimed in claim 30, wherein the enclosure is held at said reduced 
relative humidity for a period of time according to the size of the enclosure and flow rate of gas to 
ensure dryness of said surfaces in the enclosure. 

37. (New) A method as claimed in claim 30, wherein the condensate is maintained on the 
surfaces within the enclosure for a predetermined period to ensure sterilization of the surfaces. 
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38. (New) An apparatus for sterilizing a sealable enclosure comprising: 
a circuit for flow of a gas or gasses, the circuit comprising: 

means for receiving and connecting an enclosure to be sterilized in the circuit 
to form a closed circuit therewith; 

means for circulating gas through the circuit and enclosure; 

two parallel branches in the circuit one of which contains means for 
deactivating a sterilant to be added to the carrier gas flowing through the circuit and 
means for dehumidifying the gas and the other of which branches contains means for 
heating the gas and means for supplying a sterilant vapor or vapors to the gas; 
the apparatus further comprising control means for determining through which of the 
parallel branches the gas flows, the control means comprising: 

means for determining the relative humidity of the gas exiting the enclosure 
and being operable to maintain flow through said one branch passage open until the 
relative humidity falls below a predetermined level and then to terminate flow 
through that branch and to initiate flow in the other branch; and 

means for measuring condensation in the enclosure to terminate flow in said 
other branch and to initiate flow in said one branch when the required amount of 
condensation has built up in the enclosure. 
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39. (New) An apparatus as claimed in claim 38, further comprising: 

a fan provided in the circuit between the enclosure and the parallel branches of the 
circuit to cause gas flow around the circuit; and 

means are provided at the entry to the first and second branches which are selectively 
operable for permitting flow through one or the other of the branches. 

40. (New) An apparatus as claimed in claim 38, wherein fans are provided in both branches 
in the circuit which are selectively operable to cause flow of gas through one or other of the 
branches. 

41 . (New) An apparatus as claimed in claim 38, further comprising means for distributing 
the gas/vapors throughout the enclosure to ensure that condensate is formed on all surfaces in the 
enclosure. 

42. (New) An apparatus as claimed in claim 38, wherein the means for deactivating the 
sterilant in said one branch comprise means for breaking the sterilant extracted from the enclosure 
down into disposable constituents. 

43. (New) An apparatus as claimed in claim 42, wherein the sterilant is hydrogen peroxide 
vapor and water vapor and the means for breaking the sterilant down comprise means for acting on 
the hydrogen peroxide to break the hydrogen peroxide down into water vapor and oxygen. 



8 



:LQOiB:S5Q5 OfiilOt! 

44. (New) An apparatus as claimed in claim 3 8, wherein the means for lowering the relative 
humidity of the circulating carrier gas comprise means for cooling the gas to extract moisture 
therefrom by condensation and means for heating the gas above ambient following said condensation 
process. 

REMARKS 

By this Preliminary Amendment, applicant has amended the specification by incorporating 
appropriate section titles. An Abstract of the Disclosure has also been added. The added abstract is 
supported by the abstract of the International Application to which the present national application 
claims priority. As required, a copy of the abstract is also attached hereto on a separate sheet of 
paper. The claims have also been amended. Specifically, claims 1-22 have been cancelled while new 
claims 23-44 have been added. New claims 23-44 are supported by original claims 1-22 and have 
primarily been redrafted so as to remove multiple dependencies and to otherwise place in a more 
conventional format for US prosecution. 

For the foregoing reasons, applicant respectfully submits that the amendments to the 
specification and the claims do not introduce new matter, and entry thereof is respectfully requested. 

In view of the forgoing, claims 23-44 are presented for the Examiner's consideration on the 

merits. 
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Respectfully submitted, 

DANA L. TANGREN \f 
Attorney for Applicants 
Registration No. 37,246 
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Salt Lake City, Utah 84111 
Telephone: (801) 533-9800 
Fax: (801)328-1707 
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ABSTRACT OF THE DISCLOSURE 
An apparatus for sterilizing a sealable enclosure includes a circuit for flow of a sterilizing gas 
or gasses. The circuit is connected to the enclosure to be sterilized to form a closed circuit and 
pumps to circulate gas through the circuit and enclosure. The circuit has parallel branches one of 
which contains apparatus to deactivate a sterilant to be added to the carrier gas flowing through the 
circuit and apparatus to dehumidify the gas. The other branch contains apparatus to heat the gas and 
apparatus to supply a sterilant vapor or vapors to the gas. Control apparatus determines which of the 
parallel branches the gas flows through. The control apparatus maintains flow through one branch 
passage until the relative humidity falls below a predetermined level. The flow through that branch 
is then terminated and flow through the other branch initiated. 
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IMPROVEMENTS IN OR RELATING TO METHODS AND APPARATUS 
FOR VAPOUR PHASE STERILISATION 

The present invention relates to methods and apparatus for 
sterilising the interior of a chamber using either a two component or a multi- 
component vapour, one component of which will be water. 

There are numerous applications for sterilising the interior of a 
chamber including its contents in the pharmaceutical, biotechnology, and 
food industries, as well as the medical world. A number of compounds 
have been used as sterilising agents some of which are only partially 
effective and some of which have serious side effects because they are 
toxic, corrosive, or can cause other environmental damage. Formaldehyde 
has long been used as a cheap and quite effective sterilising agent but 
doubts over its safety and environmental persistence may prevent 
continued use. Hydrogen peroxide is a simple and cheap compound with 
good sterilising properties. Its major advantage is that it can be 
decomposed to water and oxygen, which are totally harmless products. In 
the vapour phase, hydrogen peroxide can be used to treat work areas of 
size from safety cabinets to clean rooms. In all gas phase sterilisation, 
deep layers of contamination will not be effected and good cleaning 
procedures are necessary as a preliminary to gas phase sterilisation. 

Hydrogen peroxide gas sterilisation and decontamination systems 
have been designed in order to avoid condensation, and as such both flow 
through and recirculating systems have been so organised as to keep the 
vapour concentrations, especially of water, below the dew point. Examples 
of such systems are described in EP-A-0486623B1 , GB-B-2217619, WO89/06140 
and GB- A-230806& 

More recent work has shown that for rapid surface sterilisation and 
decontamination in rooms and smaller chambers, or isolators, condensation 
of a mixture of vapours of a gaseous decontaminant such as hydrogen 
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peroxide and water is essential. It is now believed that gaseous surface 
sterilisation using hydrogen peroxide is a condensation process so it would 
seem sensible to examine the process, to see how it may be optimised to 
take advantage of the condensation process. This knowledge may then be 
applied not only the sterilisation process using hydrogen peroxide gas but 
also other mixtures of sterilising gases that rely on condensation for their 
activity. 

In the apparatus described in EP-A-0 486 623 B1 
the air/gas mixture is circulated through the sealed chamber to be sterilised 
and then through the apparatus to produce and control the gas mixture. 
The gas returning to the apparatus is cleansed of any hydrogen peroxide 
gas and also dried before more water vapour and hydrogen peroxide gas 
are added. This cleansing and drying process is likely to be wasteful, as 
the vapours removed from the circulating gas must be replaced so that 
condensation may occur in the sealed chamber. The only reason for the 
removal of these vapours would be if the concentration of the hydrogen 
peroxide gas had been reduced because of decomposition. 

It is now well understood that vapour phase decomposition does not 
occur at room temperatures, such homogenous decomposition only 
happens at elevated temperatures as reported in the paper "HYDROGEN PEROXIDE" by 
Walter C. Schumb, CHARLES N. SATTERFIELD, and RALPH L. WENTWORTH, 
published in AMERICAL CHEMICAL SOCIETY, MONOGRAPH SERIES, 

Catalog Card Number 55-7807, Chapter 8. Decomposition does however 
happen on surfaces, which are catalytic, but this appears to be very small 
amounts. To date no observer has seen a measurable increase in oxygen 
concentration, and the measured hydrogen peroxide gas concentrations 

conform very closely to the satur ated vapour pressures of the original 

aqueous solution that is evaporated into the air stream. All of the 
indications are therefore that the amount of vapour phase decomposition 
of hydrogen peroxide is very small. 
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Since this sterilisation process relies on condensation of the 
hydrogen peroxide vapour then the most critical parameter is the rate at 
which this condensation may be achieved. The amount of hydrogen 
peroxide vapour available for condensation within the sealed enclosure will 
depend on the vapour concentration delivered to the chamber and the 
concentration leaving the chamber. The difference between these two 
amounts will be the quantity of hydrogen peroxide that is available to form 
a film of condensation. 

The maximum concentration of vapour that can be delivered to the 
chamber depends on the temperature of the gas stream entering the 
chamber, the concentration of the aqueous sterilising solution being 
evaporated into the gas stream and the total water content of the gas. The 
carrier gas, normally air, that is used to transport the sterilising vapours 
through the total system will never be perfectly dry, even after passing 
through the drying system. This additional water in the carrier gas will dilute 
the hydrogen peroxide to a small extent and this additional water will reduce 
the amount of hydrogen peroxide that may be carried by the gas. The 
concentration of the vapour leaving the sealed chamber, once stable 
conditions have been reached, will be determined by the saturated vapour 
pressure for the conditions at the exit of the sealed chamber. Thus, if it is 
assumed that only insignificant amounts of decomposition occur, then the 
rate of condensation will depend on the concentration of the gases 
delivered to the chamber and the temperature of the gases leaving the 
chamber. 

In general there are two factors that are important when considering 
a gaseous surface sterilisation process. The first and most important is to 
be sure that the process has been successful and the second is to achieve 
sterilisation in the minimum possible time. The most common technique for 
assuring sterility is to develop a cycle and to test the performance with 
biological indicators. This cycle development wili include optimisation of 
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each phase of the sterilisation cycle. This is a complex issue as there are 
many parameters to be considered during the optimisation process apart 
from the obvious considerations of gas concentration and flow. Some of the 
less obvious ones are the starting value of the relative humidity, the 
moisture content of any microorganism, the rate of condensation, and the 
length of time it may take for the condensate to kill any microorganism. The 
technique used for the removal of the sterilant gas at the end of the cycle 
will also have marked influence on the total cycle time. 

The optimised cycle then becomes fixed using the same physical 
parameters such as flow rates, times etc., but does not take into account 
any external factors that may change, e.g. the external temperature which 
will have an influence on the effectiveness of the cycle. 

The problem with this fixed technique is that if some external 
influences change which have not been taken into consideration during the 
cycle development then a cycle, although properly developed, may become 
unsuccessful. The best method to overcome this difficulty is to measure 
those parameters that actually cause the sterilisation and use these 
measurements to control the cycle, rather than to use a set of 
predetermined factors to run identical cycles. The technique of using the 
measurements to control the cycle will lead to changes in the details of the 
cycle to counteract any changes in the circumstances surrounding the 
process. 

This procedure also has the advantage of ensuring the minimum 
reliable cycle time, since the process will progress to a point where it is 
effective and no further. It is not necessary to add large safety margins to 
the cycle to ensure that it is effective, as the point at which it is effective is 
known from the measurements. 

The objects of the present invention are to control the sterilisation 
cycle using sensors, and to provide a recirculating system that does not 
require the steps of removing water vapour and sterilising gas mixtures 
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during the critical sterilisation phase of the cycle. 
US-A-5906794 discloses a flow-through vapour 
5 phase sterilisation system which includes a sealable 
chamber with an inlet port and outlet port and a 
circuit fluidly connected to the chamber ports to 
provide a closed loop flow path for recirculating a 
carrier gas into through and out of the chamber- The 

10 system also includes a liquid sterilant vaporiser unit 
for delivering a vaporised liquid sterilant into the 
carrier gas flow upstream of the inlet port and a 
converter for converting the sterilant vapour to a 
form suitable for disposal is fluidly connected to the 

15 conduit circuit downstream of the chamber outlet port. 
A drying unit is included in the circuit downstream 
of the converter and has a valve for controlling flow 
to a first flow path through an air dryer and thence 
to the vaporiser or a second flow path which by passes 

20 the air dryer. By varying the amount of fluid 

through the first and second flow paths a selected 
portion of the carrier gas can be routed to by pass 
the dryer and the humidity of the carrier gas can be 
regulated to maintain a predetermined percent 

25 saturation sterilant vapour in the chamber as the 
sterilising cycle proceeds. 

It is an object of the present invention to 
provide a sterilising system in which concentration of 
sterilant in the chamber to be sterilised is built up 

30 more rapidly to achieve condensation of sterilant in 
the chamber. 

This invention provides a method of sterilising a 
sealable enclosure comprising the steps of circulating 
a carrier gas and sterilant through the enclosure and 
35 through a flow path having an outlet from the 

enclosure and an inlet to the enclosure, any sterilant 
in the gas flow received from the enclosure being 
rendered suitable for disposal , and the content of 
water vapour being reduced following which the gas 
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flow is heated and further sterilant is added to 
sterilise the enclosure, wherein the flow path has two 
5 parallel branches in one of which any sterilant in the 
gas flow is rendered suitable for disposal and any 
water vapour content in the gas is reduced and in the 
other of which the carrier gas is heated and sterilant 
is added to the gas, the method further comprising the 

10 steps of initially circulating said carrier gas 
through said one branch, monitoring the moisture 
content of the gas in the enclosure and terminating 
flow of carrier gas through said one branch when the 
relative humidity in the enclosure has been reduced to 

15 a predetermined level such that the surfaces of the 
enclosure are relatively dry, initiating flow of the 
carrier gas through said other branch and adding a 
sterilant vapour or vapours to the gas passing through 
the other branch until condensation of the sterilant 

20 takes place in the enclosure, terminating supply of 

sterilant to the carrier gas, continuing to circulate 
the carrier gas substantially saturated with sterilant 
vapour for a predetermined time to ensure 
sterilisation of the enclosure terminating flow 

25 through said other branch and redirecting the flow of 
carrier gas through said one branch to extract the 
sterilant from the gas enclosure to render the 
sterilant suitable for disposal and to reduce the 
relative humidity of the carrier gas. 



30 



More specifically the invention provides a method 
of sterilising a sealable enclosure comprising the 
steps of initially reducing the relative humidity in 



the" enclosure to about 30 to 40%, circulating a 
35 carrier gas to the enclosure, raising the temperature 
of the circulating gas above ambient, supplying a 
sterilant vapour or vapours to the circulating carrier 
gas sufficient to saturate substantially the gas 
whereby on cooling in the enclosure, a condensate of 
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the sterilant vapour is formed on surfaces in the 
enclosure, distributing the gas/vapour throughout the 
5 enclosure to ensure that the condensate is formed on 

all surfaces in the enclosure, measuring the amount of 
condensate formed on a surface of the enclosure and 
continuing to circulate the gas/vapour until a 
required amount of condensate has formed in the 

10 enclosure terminating supply of sterilant vapour to 
the gas whilst continuing to circulate the saturated 
gas/vapour to maintain the condensate on the surface 
for a predetermined period of time and finally 
extracting the sterilant vapour from the carrier gas 

15 whilst continuing to circulate the carrier gas through 
the enclosure to extract the condensate from the 
enclosure . 

Preferably the sterilant vapour is extracted from 
20 the carrier gas by breaking down the vapour into 
disposable constituents . 

It is also preferred that the sterilant vapour is 
hydrogen peroxide and water vapour* In this case the 
25 hydrogen peroxide extracted from the chamber with the 
circulating gas is subjected to catalytic action to 
break the hydrogen peroxide down into water vapour and 
oxygen, the former being extracted from the gas before 
the gas is recirculated through the enclosure. 

30 
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The initial step of reducing the relative 
humidity in the enclosure may be carried out by 
5 circulating the carrier gas through the chamber and 
extracting water vapour from the circulating gas 
outside the chamber. 

The relative humidity in the enclosure may be 
10 reduced initially to about 35%. In addition, the 
enclosure may be held at said reduced relative 
humidity for a period of time according to the size of 
enclosure and flow rate of gas to ensure dryness of 
said surfaces in the enclosure. 

15 

Entry to one branch is closed and entry to the 
other branch may be opened and vice versa to provide 
flow through one or other of the branches. For 
example, valve means may permit flow into one branch 
20 and not the other and vice versa. 

Alternatively, pump means may be provided in said 
parallel branches and are used to cause gas flow along 
one or other of the parallel branches in the flow 
25 path. 

The invention further provides apparatus for 
sterilising a sealable enclosure comprising a circuit 
for flow of a gas or gasses, the circuit having means 

30 to receive and connect an enclosure to be sterilised 
in the circuit to form a closed circuit therewith, 
means to circulate gas through the circuit and 
enclosure, and having two parallel branches in the 
circuit one of which contains means to deactivate a 

35 sterilant to be added to the carrier gas flowing 

through the circuit and means to dehumidify the gas 
and the other of which branches contains means to heat 
the gas and means to supply a sterilant vapour or 
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vapours to the gas, the apparatus further comprising 
control means for determining through which of the 
5 parallel branches the gas flows, the control means 

including means to determine the relative humidity of 
the gas exiting the enclosure and being operable to 
maintain flow through said one branch passage open 
until the relative humidity falls below a 

10 predetermined level and then to terminate flow through 
that branch and to initiate flow in the other branch 
and means to measure condensation in the enclosure to 
terminate flow in said other branch and to initiate 
flow in said one branch when the required amount of 

15 condensation has built up in the enclosure. 

The apparatus may further include means to 
distribute the gas/vapours throughout the enclosure to 
ensure that the condensate is formed on all surfaces 
20 in the enclosure. 

It has been found that in aqueous solutions of 
hydrogen peroxide 

25 



30 
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very fast kill rates are achieved even at 10% hydrogen peroxide 

concentrations with even faster kills at 20% solution. Since we believe that 

gaseous surface sterilisation is a micro condensation process, then it may 

be considered to be analogous to the work 

" THE STERILISING EFFECT AGAINST BACILLUS SUBTILIS SPORES OF 

HYDROGEN PEROXIDE AT DIFFERENT TEMPERATURES AND 
CONCENTRATIONS;" by P. SWARTLING and B. LINDGREN J. DAIRY RES. 

(1968), 35,423. This gives a good guide as to the expected results that 
may be achieved with a gaseous condensation process. 

This also suggests that should some small amount of decomposition 
occur because of surface catalysation of the gas then kills would still be 
achieved. In reality such decomposition appears to be very small indeed 
as indicated by the gas concentration data. 

The following is a description of some specific embodiments of the 
invention, reference being made to the accompanying drawings in which: 

Figure 1 is a diagrammatic view of a sealed chamber and a 
sterilisation circuit connected to the chamber for sterilising the interior and 
contents of the chamber using a gas carrying an aqueous vapour of a liquid 
sterilant, the circuit having two pumps or fans. 

Figure 2 is a diagrammatic view of a sealed chamber and a further 
form of circuit connected to the chamber for sterilisation of the interior of the 
chamber and its contents using a gas containing an aqueous vapour of a 
liquid sterilant, the circuit having a single pump or fan. 

The apparatus comprises a sealed chamber 10, and an apparatus 
4ncluded-generalLy_atJJJncorpctfati^ 

sterilising and aeration of the sealed chamber 10. A carrier gas, i.e. air, 
and a sterilising gas or gases are drawn from the sealed chamber to the 
apparatus through sealed connections fluidly connecting the chamber to the 
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apparatus. 

The apparatus comprises a gas flow circuit 12 containing in series, 
a gas monitor 13 a temperature and humidity monitor 14 and a flow 
measurement device 1 5. The gas monitor is an electrochemical cell giving 
a signal proportional to the gas concentration or can be a near infra-red 
spectrophotometer. Suitable temperature and humidity sensors 14 are 
commonly available as a single commercial instrument, and any such 
device that is resistant to hydrogen peroxide vapour would be suitable for 
this application. The most suitable, and cost effective, flow measurement 
15 system is based on the measurement of the pressure difference across 
a restriction in the flow, typically an orifice plate. 

Attached to the sealed chamber is a condensation measurement 
system 16. Proprietary systems are not readily available, but techniques 
have been developed that rely on the change in reflectivity of a surface in 
the chamber to indicate the mass of condensate that has formed. 
Alternative techniques that may include measuring equipment be mounted 
on the outside of the chamber. 

Downstream of the flow measurement system the circuit divides into 
two parallel branches 17, 18. Each branch has a fan 18, 19 and each fan 
has an associated non-return valve 21 . As the pressure required to force 
the circulating gas round the system is generally not large then a standard 
variable speed centrifugal fan would suffice for such an application. The 
non-return valves are required to ensure that there is no back flow in the 
wrong direction. Simple flap devices are all that is required in this 
application. In the first parallel branch 17 is a system 22 to deactivate and 
remove the sterilant gas or gases from the carrier gas, and a further system 
23 to dehumidify the gas stream. Downstream of the dehumidification 
system is a heater 24 to raise the circulating gas temperature. The 
deactivating system for the sterilant gas comprises a catalyst bed, which 
decomposes the vapour to harmless components. For hydrogen peroxide 
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gas a suitable catalyst would be ruthenium on inert pellets which 
decomposes the gas to water vapour and oxygen. 

A desiccant dryer may perform the dehumidification process, but a 
more suitable technique would be to reduce the gas temperature using a 
refrigeration system. The reduction in temperature causes the water vapour 
to condense with the products of decomposition. The resulting condensate 
and decomposition products may then be pumped away. It is necessary to 
raise the circulating gas temperature after dehumidification and an electric 
heater 24 or other heating means is placed downstream of the dehumidifier 
for the purpose. 

In the second parallel branch is a heater 25 to raise the gas 
temperature prior to entering an evaporator 26, in which the liquid sterilant 
is turned to vapour by heating. A liquid sterilant supply 27 controls the 
liquid flow to the evaporator. 

The heater 25 may be of a similar construction to the other heater 
24. The evaporator is a flash evaporator in which the liquid sterilant is 
evaporated by dropping under gravity a stream of liquid onto a heated 
surface. The flow of liquid from the sterilant supply is fed onto the heated 
surface at a selected rate by using a variable speed pump, which is 
controlled from a flow measuring system. The gas temperature entering the 
sealed chamber 10 is measured at 28 using a standard temperature probe. 
Gas entry to the chamber 10 is through a gas distribution system 
including a rotating nozzle arrangement which projects gas at high 
temperature and velocity to every part of the chamber. In addition a system 
for control gas pressure in the circuit to raise or reduce pressure as required 
is provided. 

The components in the alternative arrangement shown in Figure 2 
are the same, with the same numbering except for the fan and valve 
arrangement. In Figure 2 the gas or gases are driven round the system by 
a single fan of pump 30. The gas or gas mixtures leaving the fan or pump 
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pass to a three way valve 31, which diverts the flow either to the first 
parallel branch by connecting port A to port C, or to the second parallel 
branch by connecting port A to port B. The valve is typically an electrically 
driven three-way ball valve. 

The method of sterilising the enclosure using the above apparatus 
comprises the steps or reducing the relative humidity in the enclosure, then 
circulating a carrier gas containing an aqueous vapour of the sterilising gas 
or gases, and finally removing the sterilising gas or gases. 

The first phase of reducing the relative humidity is essential to 
ensure that all of the surfaces inside the sealable chamber are at the same 
state of dryness. During the second phase the sterilising gas or gases are 
delivered to the sealed chamber at an elevated temperature in order that as 
much as possible of the sterilant may be transported into the sealed 
chamber. The third and final stage is the removal of the sterilant gas or 
gases by passing clean dry carrier gas into the sealed chamber to carry 
away the active gas or gases. 

The first phase of reducing the humidity may be in two parts, the first 
to reduce the relative humidity to a pre-selected value, and a second part 
to hold the humidity at that value to allow the sealed chamber to come to a 
stable state. 

Similarly the second phase when the gas or gases are passed into 
the sealed chamber is in two parts. The first part is to raise the 
concentration and generate the required level of condensation on the 
surfaces, with a second dwell part to allow the condensate to act on the 
microorganisms. The level of condensation is measured during the first part 
of the second phase and when it has reached the required level the supply 
of sterilising gas or gases is stopped but the carrier gas with the associated 
saturated vapours continues to circulate. The circulating saturated vapour 
prevents evaporation of the layer of condensation allowing the liquid film to 
act on the microorganisms. 
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During the third and final phase of the sterilisation cycle the carrier 
gas together with the sterilising gas or gases is circulated through a system 
to render the active gases harmless, so that it may be taken away, whilst 
at the same time removing the water vapour in a dehumidifier. The clean 
carrier gas is then returned to the sealed chamber where it gathers more of 
the active gas or gases thus further reducing to the level of the active 
ingredients. This process continues until the amount of active ingredients have bee 
reduced to an acceptable level. 

1 . The relative humidity (RH) must be controlled at the start of the 
sterilisation cycle. We have established that the optimum value 
is between 30 and 40%. There are two points to be considered 
about the starting value of RH, the first is to obtain the shortest 
possible cycle (this requires the RH to be reduced to about 
35%), and the second is to achieve a repeatable cycle. The 
repeatability depends on using the same starting value of RH 
and this may well have to be higher than 35% depending on 
local conditions. As it may not always be practical to achieve a 
starting value of 35% for the RH then it is essential that the same 
starting value is always used. Higher values of RH will increase 
the time required to achieve sterilisation as the condensate 
forming on surfaces will be diluted by any water that is present. 

2. The amount of condensation is important; it too much is formed, the time 
to remove the surface layer after sterilisation has been achieved 
will be increased, as it would take longer to dry the surfaces. If 
insufficient condensation is allowed to form then sterilisation will 
not take place. The accurate measurement of this surface layer 

is essential to the process. 

3. From the work of Swartling et al referred to above, it is clear that 
some "soaking" time will be required for the condensed liquid to 
be effective. This is built into the sterilisation cycle as a dwell 
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period, a safety margin should be allowed within this dwell period 
to ensure that a total kill has been achieved. This period will 
normally be no more than a few minutes including the safety 
margin. 

4. The distribution of the hot gas entering the chamber is also 
important. As the gas enters the chamber it will rapidly start to 
cool and form condensation. If the gas is not thoroughly mixed 
as it enters the chamber then there will be sites of preferential 
condensation. If this should happen then it follows that other 
areas within the chamber will have less condensation, and to 
achieve a total kill in all areas an excess of gas will be required. 
This excess will be unevenly distributed and also take longer to 
remove at the end of the cycle when it is required to return the 
chamber to normal use. 

5. The measurement of the concentration and temperature of the 
gas leaving the chamber tells the system that saturated vapour 
pressure has been reached. Whilst this is not a critical 
parameter it does indicate that condensation will form. If the 
concentration is too low and condensation does not form then 
the cycle should be aborted and these measurements will 
confirm that action. 

Thus the process cycle comprises the following steps: 

1 . The chamber is brought to a starting value of RH, normally 35%. 
The chamber should be held at this level for a few minutes to 
ensure all of the surfaces have been brought to equilibrium. 

2 Sterilising gas or gases and water vapour are passed into the 
chamber at an elevated temperature and distributed so as to 
generate an even layer of condensation. The amount of 
condensation is measured and when it has reached a sufficient 
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value the gas and water vapour generator is switched off. 

3. The condensed gas or gases and water remain on the surfaces 
for a sufficient length of time to cause sterilisation. 

4. At the end of the dwell period the chamber is fed with clean dry 
air, which causes the surface condensation to evaporate and is 
therefore cleared from the chamber. 
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Claims : 

1. A method of sterilising a sealable enclosure 

comprising the steps of circulating a carrier gas 
5 and sterilant through the enclosure and through a 

flow path having an outlet from the enclosure and 
an inlet to the enclosure, any sterilant in the 
gas flow received from the enclosure being 
renc iered suitable for disposal, and the content 

10 of water vapour being reduced following which the 

gas flow is heated and further sterilant is added 
to sterilise the enclosure, characterised in that 
the flow path has two parallel branches in one of 
which any sterilant in the gas flow is rendered 

15 suitable for disposal and any water vapour 

content in the gas is reduced and in the other of 
which the carrier gas is heated and sterilant is 
added to the gas, the method further comprising 
the steps of initially circulating said carrier 

20 gas through said one branch, monitoring the 

moisture content of the gas in the enclosure and 
terminating flow of carrier gas through said one 
branch when the relative humidity in the 
enclosure has been reduced to a predetermined 

25 level such that the surfaces of the enclosure are 

relatively dry, initiating flow of the carrier 
gas through said other branch and adding a 
sterilant vapour or vapours to the gas passing 
through the other branch until condensation of 

30 the sterilant takes place in the enclosure, 

terminating supply of sterilant t o the carrier 
gas, continuing to circulate the carrier gas 
substantially saturated with sterilant vapour for 
a predetermined time to ensure sterilisation of 

35 the enclosure terminating flow through said other 

branch and redirecting the flow of carrier gas 
through said one branch to extract the sterilant 
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from the gas enclosure to render the sterilant 
suitable for disposal and to reduce the relative 
humidity of the carrier gas. 

5 2. A method as claimed in claim 1, wherein entry to 
one branch is closed and entry to the other 
branch is opened and vice versa to provide flow 
through one or other of the branches. 

10 3. A method as claimed in claim 2, wherein valve 
means permit flow into one branch and not the 
other and visa versa. 

4. A method as claimed in claim 2, wherein pump 

15 means are used in the flow path to circulate said 

carrier gas. 

5. A method as claimed in claim 2, wherein pump 
means are provided in said parallel branches and 

20 are used to cause gas flow along one or other of 

the parallel branches in the flow path. 

6. A method as claimed in any of claim 1 to 5, 
wherein water vapour is removed from the gas in 

25 said one branch by cooling the gas to cause the 

water vapour to condense, the resulting 
condensate being removed. 

7. A method as claimed in claim 6, wherein the gas 
30 cooled in said one branch is heated following 

said cooling step. 



8. A method as claimed in any of the preceding 

claims comprising the steps of initially reducing 
35 the relative humidity in the enclosure to about 

30 to 40% , circulating a carrier gas to the 
enclosure, raising the temperature of the 
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circulating gas above ambient, supplying a 
sterilant vapour or vapours to the circulating 
carrier gas sufficient to saturate substantially 
the gas whereby on cooling in the enclosure, a 
5 condensate of the sterilant vapour is formed on 

surface in the enclosure, distributing the 
gas/vapour throughout the enclosure to ensure 
that the condensate is formed on all surfaces in 
the enclosure, measuring the amount of condensate 

10 formed on a surface of the enclosure and 

continuing to circulate the gas/vapour until a 
required amount of condensate has formed in the 
enclosure terminating supply of sterilant vapour 
to the gas whilst continuing to circulate the 

15 saturated gas/vapour to maintain the condensate 

on the surface for a predetermined period of time 
and finally extracting the sterilant vapour from 
the carrier gas whilst continuing to circulate 
the carrier gas through the enclosure to extract 

20 the condensate from the enclosure. 

9. A method as claimed in claim 8, wherein the 
sterilant vapour is extracted from the carrier 
gas by breaking down the vapour into disposable 

25 constituents. 

10. A method as claimed in claim 8 or 9, wherein the 
sterilant vapour is hydrogen peroxide and water 
vapour . 



30 



11. A method as claimed in claim 10, wherein the 



hydrogen peroxide extracted from the chamber with 
the circulating gas is subjected to catalytic 
action to break the hydrogen peroxide down into 
35 water vapour and oxygen, the former being 

extracted from the gas before the gas is 
recirculated through the enclosure. 
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12. A method as claimed in any of claims 8 to 11, 
wherein the initial step of reducing the relative 
humidity in the enclosure is carried out by 

5 circulating the carrier gas through the chamber 

and extracting water vapour from the circulating 
gas outside the chamber, 

13. A method as claimed in any of claims 8 to 12, 

10 wherein the relative humidity in the enclosure is 

reduced to about 35%. 

14. A method as claimed in any of claims 8 to 13, 
wherein the enclosure is held at said reduced 

15 relative humidity for a period of time according 

to the size of the enclosure and flow rate of gas 
to ensure dryness of said surfaces in the 
enclosure . 

20 15. A method as claimed in any of claims 8 to 14, 

wherein the condensate is maintained on the 
surfaces within the enclosure for a predetermined 
period to ensure sterilisation of the surfaces. 

25 16. An apparatus for sterilising a sealable enclosure 
(10) comprising a circuit (12) for flow of a gas 
or gasses, the circuit having means to receive 
and connect an enclosure to be sterilised in the 
circuit to form a closed circuit therewith, means 

30 (19,20) to circulate gas through the circuit and 

enclosure, and having two p arallel branches (17, 
18) in the circuit one of which contains means 
(22) to deactivate a sterilant to be added to the 
carrier gas flowing through the circuit and means 

35 (23) to dehumidify the gas and the other of which 

branches contains means (25) to heat the gas and 
means (26) to supply a sterilant vapour or 
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vapours to the gas, the apparatus further 
comprising control means (13 to 16) for 
determining through which of the parallel 
branches the gas flows, the control means 
including means (14) to determine the relative 
humidity of the gas exiting the enclosure and 
being operable to maintain flow through said one 
branch (17) passage open until the relative 
humidity falls below a predetermined level and 
then to terminate flow through that branch and to 
initiate flow in the other branch (18) and means 
(16) to measure condensation in the enclosure to 
terminate flow in said other branch and to 
initiate flow in said one branch when the 
required amount of condensation has built up in 
the enclosure. 

17. An apparatus as claimed in claim 16, 
characterised in that a fan (20) provided in the 

20 circuit (12) between the enclosure (10) and the 

parallel branches (17, 18) of the circuit to 
cause gas flow arounti the circuit and valve means 
(31) are provided at the entry to the first and 
second branches which are selectively operable to 

25 permit flow through one or the other of the 

branches . 

18. An apparatus as claimed in claim 16, fans (19, 
20) are provided in both branches in the circuit 

30 which are selectively operable to cause flow of 

gas through one or other of the branches (17, 
18) . 

19. An apparatus as claimed in any of claims 16 to 
35 18, characterised in that means are provided to 

distribute the gas/vapours throughout the 
enclosure (10) to ensure that condensate is 
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21. 

10 



15 

22. 



formed on all surfaces in the enclosure. 

An apparatus as claimed in any of claims 16 to 
19, the means to deactivate the sterilant in said 
one branch comprise means (22) to break the 
sterilant extracted from the enclosure (10) down 
into disposable constituents. 

An apparatus as claimed in claim 20, the 
sterilant is hydrogen peroxide vapour and water 
vapour and the means (22) to break the sterilant 
down comprise catalytic means to act on the 
hydrogen peroxide to break the hydrogen peroxide 
down into water vapour and oxygen. 

An apparatus as claimed in any of claims 16 to 
21, the means (23) to lower the relative humidity 
of the circulating carrier gas comprise 
refrigeration means to cool the gas to extract 
moisture therefrom by condensation and means (24) 
to heat the gas above ambient following said 
condensation process. 
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(57) Abstract: The disclosure relates to an apparatus for sterilising a sealable enclosure (10) comprising a circuit (I l) for flow of a 
sterilising gas or gasses. The circuit is connected to the enclosure to be sterilised to form a closed circuit and pumps (19, 20) to circu- 
late gas through the circuit and enclosure. The circuit has parallel branches (17, 18) one of which contains means (22) to deactivate 
a sterilant to be added to the carrier gas flowing through the circuit and means (23) to dehumidify die gas. The other branch contains 
means (25) to heat the gas and means (26) to supply a sterilant vapour or vapours to the gas. Control apparatus determines which of 
the parallel branches the gas flows through, the control apparatus including means (14) to detennine the relative humidity of the gas 
exiting the enclosure maintains flow through said one branch passage until the relative humidity falls below a predetermined level 
and then to terminate flow through that branch and to initiate flow through the other branch and means (16) to measure condensation 
in the enclosure to close said other branch and to open said one branch when the required amount of condensation has built up in the 
enclosure. 
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1 Attorney Docket No. 15568.3 , 



COMBINED DECLARATION and POWER OF ATTORNEY 

(Utility, Design, National Stage of PCT) 



As a below named inventor, I hereby declare that: 

TYPE OF DECLARATION 
This declaration is of the following type: 

(Check one applicable item below) 

[ ] utility patent application 
[ ] design patent application 
[x] national stage of PCT patent application 

INVENTORSHIP IDENTIFICATION 

My residence, post office address and citizenship are as stated below, next to my name. I 
believe that I am the original, first and sole inventor {if only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter that is 
claimed, and for which a patent is sought on the invention entitled: 

TITLE OF INVENTION 2 

METHODS AND APPARTUS FOR VAPOUR PHASE STERILIZATION 

SPECIFICATION IDENTIFICATION 

the specification of which: 

(complete (a), (b), or (c)) 

(a) [ ] is attached hereto. 

(b) [ ] was previously filed , as United States Patent Application 

Serial No. . 



(c) [x] was described and claimed in PCT International Application No. 
PCT/GB00/03606 filed on 20 September 2000 and as amended under PCT 
Article § 19 on 13 December 2001 (if any). 



UNITED STATES PATENT 
Form PI * 



1 



Form PI 



ACKNOWLEDGEMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

I hereby state that I have reviewed and understand the contents of the above-identified 
application, including the claim(s), as amended by any amendment specifically referred to in the 
declaration, referred to above. 

I acknowledge the duty to disclose information, which is material to patentability as 
defined in 37, Code of Federal Regulations, § 1.56. 



FOREIGN PRIORITY CLAIM 

(35 USC § 119(a)-(d)) 

I hereby claim foreign priority benefits under Title 35, United States Code, § 1 19(a)-(d) or 
§ 365(b) of any foreign application(s) for patent or inventor's certificate, or § 365(a) of any PCT 
international application(s) designating at least one country other than the United States of 
America listed below and have also identified below any foreign application(s) for patent or 
inventors certificate or any PCT international application(s) designating at least one country 
other than the United States of America filed by me on the same subject matter having a filing 
date before that of the application(s) of which priority is claimed. 

{complete (d) or (e)) 3 

(d) [ ] no such applications have been filed. 

(e) [x] such applications have been filed as follows. 

Note: Where item (c) is entered above and the International Application which designated the U.S. itself 
claimed priority check item (e), enter the details below, and make the priority claim. 

PRIOR FOREIGN/PCT APPLICATION(S) FILED WITHIN 12 MONTHS 4 
(6 MONTHS FOR DESIGN) PRIOR TO THIS APPLICATION 
AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. § 119(a)-(d) 



COUNTRY (OR 
INDICATE IF PCT) 


APPLICATION 
NUMBER 


DATE OF FILING 
(day, month, year) 


PRIORITY CLAIMED 
UNDER § 119 or §365 


United Kingdom 


9922364.6 


21 September 1999 


[X] YES NO [ ] 


PCT 


PCT/GB00/03606 


20 September 2000 


[X] YES NO [ ] 








[ ] YES NO [ ] 








[ ] YES NO [ ] 
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U.S. PRIORITY CLAIM 
(35 USC § 120) 

I hereby claim the benefit under 35 USC § 120 of any United States application(s) or § 
365(c) of any PCT international application designating the United States of America listed 
below, if any, and, insofar as the subject matter of each of the claims of this application is not 
disclosed in the prior United States or PCT international application in the manner provided by 
the first paragraph of title 35 USC § 1 12, 1 acknowledge duty to disclose information which is 
material to patentability as defined in title 37, Code of Federal Regulations § 1 .56 which became 
available between the filing date of the prior application and the national or PCT international 
application filing date of this application. 



UNITED STATES or PCT 
PARENT APPLICATION 
NO. 


PARENT FILING DATE 
(month, day, year) 


PARENT PATENT NO. 
(if applicable) 





















POWER OF ATTORNEY 

I hereby appoint as my attorneys and/or patent agents all attorneys and/or patent agents 
listed under the following Customer Number, with full power of substitution and revocation, to 
prosecute this application and to transact all business in the Patent and Trademark Office 
connected therewith: 





lUllflllillHIU 

022913 


A 


PATENT TRADEMARK OFFICE j 



** Customer Number Label ** 



All correspondence and telephonic communications should be directed to: 

DANA L. TANGREN 
WORKMAN, NYDEGGER & SEELEY 
1000 Eagle Gate Tower 
60 East South Temple 
Salt Lake City, Utah 84111 
Telephone (801) 533-9800 
Facsimile (801)328-1707 
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DECLARATION 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 

SIGNATURE(S) 5 

NOTE Cai£(u\' indicate the family (or last) name, as it should appear on the filing receipt and all other documents 

FulLname of sole or first inventor 



DAVID 



WEN NAME) 

Inventor's signature 
Date 



(MIDDLE INITIAL OR NAME) 



WATT .TNG 




FA MIL Y (OR LAST NAME) 



Residence WESTCOTT 



Country of Citizenship UNITED KINGDOM 
SURREY RH4 3LB UNITED KINGDOM 



Post Office Address 



Heathcrest, Guildford Road, Westoctt, Surrey RH3 3LB y 




Full name 

ANTHONY f 

{GIVEN NAME) 

Inventor's signature 
Date 



inventor, if any 



MARTIN 



(MIDDLE INITIAL OR NAME) 
L 



TAMIL Y (OR LAST NAME) 



Country of Citizenship 



UNITED KINGDOM 



ANDOVER, SP10 A AS 



UNITED KINGDOM 



Residence 

Post Office Address 11 FOXCOTTE CLOSE, CHARLTON, ANDOVER, SP1< 
UNITED KINGDOM 
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